The coastal region of East Asia (EA) is one of the regions with the most frequent impacts from tropical cyclones (TCs). In this study, rainfall and moisture transports related to TCs are measured over the EA, and the contribution of TCs to the regional water budget is compared with other contributors, especially the mean circulation of the EA summer monsoon (EASM). Based on ERA-Interim re-analysis , the trajectories of TCs are identified using an objective feature tracking method. Over 60% of TCs occur from July to October (JASO). During JASO, TC rainfall contributes 10-30% the of monthly total rainfall over the coastal region of EA; this contribution is highest over the south/southeast coast of China in September. TCs make a larger contribution to daily extreme rainfall (above the 95th percentile): 50-60% over the EA coast and as high as 70% over Taiwan island. Compared with the mean EASM, TCs transport less moisture over the EA. However, as the peak of the mean seasonal cycle of TCs lags two months behind that of the EASM, the moisture transported by TCs is an important source for the water budget over the EA region when the EASM withdraws. This moisture transport is largely performed by westward-moving TCs. These results improve our understanding of the water cycle of EA and provide a useful test bed for evaluating and improving seasonal forecasts and coupled climate models.
Introduction 42
East Asia (EA) is affected by one of the most intense monsoon systems; its rainfall and water 
82
The aforementioned studies suggest that TCs have the potential to make a substantial contribu-83 tion to the water cycle over EA. The fact that TC contributions to the atmospheric moisture budget 84 have received little attention may be explained by the perceived dominance of the EASM, one 85 of the most intense monsoon systems on the planet. The water budget is thus dominated by the 86 EASM, which explains why most studies have been concentrating on this aspect, while the role 87 played by TCs in the water cycle has been neglected. This study is therefore an attempt to the gap 88 between studies of the impact of TCs on rainfall and those of the role of the EASM in the moisture 89 budget. As our study will show, due to differences in the timing of the seasonal cycles of TCs 90 and the EASM, the contribution of TCs to the water cycle is non-negligible, even compared to 91 the substantial transport by the EASM, and is particularly important to the EA during the EASM 92 withdrawal phase.
93
In this study, we decompose the total rainfall and moisture transport into contributions from
94
TCs and from the mean flow. Then, we calculate the contributions of TCs to the rainfall and 
Data and Methods

101
a. Observation and Re-analysis data
102
To evaluate the contribution of TCs to rainfall over the EA, we use the satellite-derived Tropical that agree with rain gauge observations. This skill is higher over ocean than land, and it is least 108 skilful over land with high elevation. Therefore, we will interpret our results with caution.
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The ERA-Interim re-analysis dataset (Berrisford et al. 2011; Dee et al. 2011) method has been developed and described fully in Hodges (1994 Hodges ( , 1995 Hodges ( , 1999 ) and Bengtsson 
138
Over the Western Pacific region, the correlation coefficient is 0.57, which is significant at the 95% 139 confidence level; the correlation coefficients are similar or higher over other TC basins, e.g., the To investigate the contribution of TCs to moisture transport over the EA, first the moisture flux is 151 decomposed into time-mean and eddy (deviation from the mean) terms, using the 6-hourly ERA-
152
Interim re-analysis during 1979-2012 (Eq. 1). In Eq. 1, v is horizontal wind, q is the specific 
Similar to the method for decomposing the moisture flux, the mask with 5 • geodesic radius 172 around each TC eye at each time step is also applied to 3-hourly TRMM 3B42 rainfall to separate 173 TC-related rainfall from non-TC-related rainfall. Note that the temporal interval of the tracked 174 TC position is 6 hours; therefore when filtering 3-hourly TRMM 3B42 rainfall, the same mask is 175 applied to two consecutive time steps of TRMM rainfall. We assume that the movement of a TC 176 is small within 6 hours, relative to the diameter of the masking circle.
177
The extreme daily rainfall on each grid is defined as the daily rainfall above the 95 th percentile 178 of rainfall in each month during 1998-2012. WNP and the coast of the EA. In other months, the TC contribution is small and confined to the coast and the Indochina peninsula, this contribution is also over 50%, which is higher than the TCs 250 contribution to total rainfall.
251
The contribution of TCs to extreme rainfall amount is shown in the lower panel of Figure 3 .
252
Comparing the TC contributions to occurrence and amount allows us to measure whether extreme 253 rainfall related to TCs is heavier than extreme rainfall that is unrelated to TCs. If this were the 254 case, then the TC contribution to extreme rainfall amount would be higher than the contribution 255 to extreme rainfall occurrence. As shown in Figure 3 , the spatial distribution of contributions 256 to extreme rainfall amount is similar to the contributions to extreme rainfall occurrence (the pat-
257
tern correlation between maps of these diagnostics for each month varies between 0.8 and 0.99). convergence associated with TCs is therefore a contributor to the water budget over the EA.
269
To compare the roles of TCs and the EASM in the process of moisture transport, Figure 4 shows 270 monthly accumulated moisture flux divergence due to both the mean, ▽ · (v ·q), and the TC eddy and eventually fades away from the most of the EA landmass.
277
The TC eddy moisture flux divergence is smaller in amplitude and also in spatial extent com- surface and the lack of moisture supply from the ocean, the TC intensity is reduced. For all these 365 reasons, only a fraction of moisture is exported at the southern boundary compared to the moisture 366 imported at the eastern boundary.
367
We also note that the export of moisture at the southern boundary disappears after August and 368 changes sign in September. This is due to changes in the background meridional specific humidity 369 gradient ( Figure 7) . The mean specific humidity field shows a reversed meridional gradient during 370 JJA (i.e., higher humidities in the subtropics than at the equator), and a normal meridional gradient 371 before and after JJA. The reversed specific humidity gradient is due to the strong mean moisture by TCs when compared to the mean moisture transport associated with the EASM.
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In this study, TC tracks over the WNP and EA were first identified by applying an objective results from both TC tracks support the same conclusions.
442
A major aim of this study was to identify and quantify the contribution of TCs to rainfall and 443 the water budget over the EA, especially China. However, simulating rainfall over the EA remains 444 a challenge for state-of-the-art general circulation models (GCMs) (Sperber et 
